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mm&] mmm 

«t U ffi U £3fe*WC «fc oTMtS J: -5 tc U i i: i: f S 3fe5*«». 

«S{C*fbTM^LTfg^e>tlT^-5 3i:S:#^i[i:-rSM^l lCfB^tf>3fc^fIt§ 

o 

Kfi $ n t v % & * & 1 1 s m&m 1 x & 2 \z 9 b«© 3i6Sf^. 
T*fcM?zz£iz&^T&ftm*izm<mzftm£?zm&&3izmm®yt&^ 
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[If ^9] S i2S«Jt UfeS i O 2 &<D%mWi&<Dl&mzmto<D 
i£:S:7>f ©fallen y*-# i/^Xtfn'j^-^ i/>x*KW, 

Hasted fc«&7t 7 -f;i/* S:iSapLfe7x;i/-;bSrl£«±Jc^bfc» 

& y &&7t t Wi-gk yj)b*<Dm\z \%m%&®m # jfe* s n x v> s zl t & #^ ^ •? 
tstMi oxiii i tcia^<7)^^fg#io 

tcSii £ J: e> g£ o 7c 7 >r ;i/ # £ » A l £ 7 x ;t/ - ;i/ & g« ± 

zmmt-tzm&mi o~i 3 <z)ran?wcsa«<z)^f3#s. 
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5, 7, i o~i 4<D$snfrizmm<Dyb$:mm 0 

[|#S18] SSA' S i r t $:M t 1 ~ 5 , 7 

, io~i4 <D®tifrizmm<z>yb&m%§. 
i ~ i 9 ©Mn^icia«cD^^>fs#i 0 

[«*«2 1] ^^Oi£^©S«_btCiti|ig^§:Sg^, ifMC^oT 

^%m^<D%n^mm-t^z. n^mt-r^m^m i ~2 ocD^ti^icsB^© 

[0 0 0 1] 
[0 0 0 2] 

[t£*<D&fl5] 

m<Dm&zm^zm.n&mtemjj#;tfmitsft. -mzmx-^n^-D^^. mz 
mm<DW.-Bk<Dyb*m^xi&=i* b^mAm^mt^mm^^r^^iz, 4»«b 
i QWtnm&m^kzm^T&mm cm Am) nmm^msis^mii^nx^^ 

a 

[0 0 0 3] 

-e^j;^^^-^, iff14fg<Z>$L:R:frM3#WDM (Wavelength Division Multiple 
xer) fc, m: 1, 1 : m<D^i£ • (mtt#lS) IClgtfT. S££tf>i&,g 



{£SE# 2001-3072603 



#2001—175093 

[0 0 0 4] 
[0 0 0 5] 

CD #_b*Jfc, mmiEm rffiSWDMi/XfA®B8» (/Jn§9 EDFA/3IBPF 
W^63t^^*i©^^) J TECHNICAL REPORT OF IEICE, 0CS99-60, p41- 

46(1999-09) 

[0 0 0 6] 

7 7 << A K m - CD © 3fe & -t Z . 7? #81 "T 3 © Tf tt < X ftt& 

Lt=.3b£$:m^lZte^XA> K/U7^;^ (B P F) tC J: o T j SB 
ft;£tt£J&Uffi^f§^cDWDM^*^A£Mv^z:£ SrffiSBLTV^. HIWD 
MilV>e)C7)tt^^P J , a^matjt)^, mM©&^&#?grt5WDM£te3tV\ U 

[0 0 0 7] 
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[0 0 0 8] 

^7STCnime>m$I (^tf)|g|0Dl§-£\ m=4) CD^frio, #M?&ftA = 
[0 0 0 9] 

»AffT'(il2^^-*^7STC 2^oT, 3 ft <b & m(D*[JA# (ON 

R2, f!3SfIt§R 3, »4S«»R4 £fctc#m8M6A&gtt£. ^f§3§<Z>P*J 
$Hc^ft^ft®W<2^R£tt£Mt-A> KAX>w;b2 (BPF) #&£ 0 R l 
tea.^ R2«;i 2 , -^v^iofc, -eft-etxflgy t>frtc.mm<»WL-%.*B 
PFtfS^LTjgifiU 3ft#PDtCAttbT^3ftS J:e>lC&oTV>5 0 P 
D g$M±j£v>Jgaa£&#oTJ3y Afc^£ft«S£T0mtUS&&#oTV>&„ B 

p f \z x o t#«s & p d jwas*? & mm<Dt8i&m*i£tt *nz> z\ a 

o*»J, -o©WDM$:mfi©B P FiCj:oTf ^ix.fe%©*W 
[0 0 10] 

3. 2nmxmtiznT^z> 0 mz.ni 

5 3 6. 6nm#>«b. 1539. 8 n nu 1543. Onm 1559. On 



5 
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[0011] 
[0 0 12] 

mA©*DA# (ONU) #*»J, d*l»blCtt#-S§-£tf tfT, U 1% U 2 , 

P?t>\ r j CJ:oTSt. r j : a x . _ 1 ,x j + x ,-,A m T?fcS. 

r j = a - x j i:=b*w-So 

[0013] 

^ j&^tSjf BCM^ (LD) ^LjttS. ZltlliA. j iCifcVMf 

A : X x , A. 2 ,- f a. m 3^fe, H^ifcRA j £tt£a#WSiSU M^Tj : A. 

1 '•"' ;L j - 1 » ^ j + 1 ^ m &i5if , **S%>©T3&S. 
[0014] 

mmwmvk b <t e> t -r &sn®] 

all-?- (PD) 1. O/tmA^l. 6 # m(DJ(AV^;R$gHlC fcV^i^V^^fc 
m?2> 0 ^£ »; I nG a A s 3*3feJfr?Ktt«*»Rtt*<*^. flt'®lt M 
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m&zmm&i&'t&Ay k;u7^;^ z&m&PiBv&ybm* (pd) <d%is 
\zmuLx\^& 0 

[0 0 15] 

A>K/U7-f;M (BPF) H:Jg#N$5. ^^©m^<2> 2iiMA±<Z>B§m#« 
[0 0 16] 

©JitC^^^^*^: ^>-2> P D 2 tlT V^-g>„ X^A 1 fr«bH°>#ffiT£U tf 

3 £ _tgp IS P JCflfc *J # W R nm&m <DUyX&Jl#-4 <D&& IZXTAsrfMA 

®3t£*iTv*s. vyx-fo)\s#- 4 e>tc^:^v>Hl§f^©/N'72;>y 5 ©was 
tc#AS*ia. /n<7^> ^5 ©baggie 6«^i§ns, 

[0 0 17]. 

X7^;b# (BPF) 8, Rftjg^ny 9##A3ftTV^S. ny*-# 

9 £^o(Dte-&frbftt~ft&¥47mc?zyt^&x&& a &=iy 7& 

t*f9tt3^ffl7i^-M i #*;u#- 6 ICif A£*l£o 
[0 0 18] 

^7T>f A^bffife»[«#mS«3tAtt^T©?IR«^S:^tf (A ; X 1 , X 
2 >->* m ) o Wi-&2>nybA\*n y 9 lCj:oT/A#U ¥*T5fetcfcS. W 
ii:^otA>K;U7^H (BPF) 8TtSM^5:SW5. o£»JA 
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[0 0 19] 

&(Dfr?*n rmmjiik £ u & & afcRss^tt « w ^ - a t? & w *i 

IM^ST^^^*^T^5„ Jfora*?%)lf-A©«£#&Si:ilkBSB#tt 
tc&t>#££6 0 £fr!b¥fT fcf-AiCL&tt*lk£&£>&^ 0 ^L^^^T-fA^ 
e>>t$:^r^tC^»jmi*i:i _ S^, -£tf)tf-A&N A (numerical aperture; s i 
n0=(n o 2 -n d 2 ) 1/2 :n Q nyjgff^ n d ?^y K®#f3&) T/£ 

[0 0 2 0] 

5 mm— 2 OmmCfe^oTLi^ B P F, zi'J*-#, i£i3 U * - # ©it:& 
t)3mm~6mmKti4»J. 3*1 £ CD ft^3P So MAMCDiSB £ 

[0 0 2 1 ] 

aMcw** waste, )\s**mmmt. wl&u )\s**mM\st=.%*$t% 
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i/>^if{^nT^s. -e^-r-s^iitCcfcoT, ^MT*m&&Mtf'p&<> m 

[0 0 2 2] 

tcasSj&«## < y -tf->f A£ < & »; JH^H u < as. 

[0 0 2 3] 

mye&mmitftm-tZo m&7jjv*£.ybmmm. ^77>fA^t$ts^f, 

[0 0 2 4] 

rp KSP ICS A-r-S^ii, ^77-fA-i57^b;5f-)t77>f^ & 
T*%, *H«itC$*A-*5»^T?fc, «*:7^;i/*£3fc«NC*ri,T4£~l 2g ( 
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[0 0 2 5] 

[0 0 2 6] 
[0 0 2 7] 

fcmmfa£^0<D\,Z%7TJA&Z\,^$ftmi[S.$&(Z>Z.£T*$>2> 0 %7T4A£ 

7>yK1^12 5/tmt'^ 0 6^7 7^^®^ nTliG e 3& if £ F-^ 
ITS i O 2 «fc*J%JB*f3S&_ttf*<fc3 LTVn^, 0 )t7 7^A©l^(t £«(C 

[0 0 2 8] 

^K^Jbtc, S i O 2 <z>T*^y KJS (7>^-^7>yF 



1 0 



ffi§E# 2001-3072603 



#2 001-175093 

[0 0 2 9] 

annate, m&7j )i*ztem&<Dms%frtpmzj&>jttw2>. mn<Dm^\%% 
ii@^t§fc*gfi^it$.^ 0 z&mmmizmwx&^x. Lfr&yty 

[0 0 3 0] 

mmLfcfttenzttemmmzAzzttfxgZo zLtuz-D^xtemzwtm-t&o 

[0 0 3 1 ] 
[0 0 3 2] 

;i<# fi$0n&§Ucfi:#lcJfc y #W5 £j£f*ft#3£v^ £ lifter- &££*MI!I 
ft #M ^ & <^ <fc ? tc M 7 >f ;b # ifctf ®, m & If4#Se £ $ it £ r £ # 
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£n d £iT££, tem*S1fcte%im<DMg<?>ft,nfttfic o s ~ 1 (n d /n Q ) fC 
J:oT^x.«b4l£ 0 Mfcffttf>M£2©#, BSt#fl c o s ~ 1 (n d /n Q ) *y 

[0 0 3 3] 

2 ©>c o s ~ 1 (n d /n Q ) (1) 
[0 0 3 4] 

[0 0 3 5] 

SV^©T?®©»tt^3&»J#<«;S. SI«»StCl, 2, -i-, s tSf 
, i®(Z)JlE<fr£ d ®#r^£n . i: U JS#r # £ 0 A £ L, ilt (i + 1) 
JgT?©jRifs(S& r ± , t 4 (t i + r A = 1 ) t. i MV<D®. 

m<DmtllZyt®M<Dm 2 n . d . sec 0 ^ ^^T'Iot2 * 

4 ?r j n i d i sece . JCJ:oT#X.^tlSo -^It^MlifR t (X) 

[0 0 3 6] 

[&1] 




4n/n i d i sec#, 



(2) 
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[0 0 3 7] 

[0 0 3 8] 
[0 0 3 9] 



[0 0 4 0] 

^©esifi&^-e^s., "tatf#ttfp^<z)^v^^ 

shirrs©-*?**;, 

[0 0 4 1 ] 
[0 0 4 2] 




(3) 



R t Uj) =0 



(4) 



[0 0 4 3] 



T'&So (m- 1 ) <£>5&MHC*f 



[0 0 4 4] 



R t U x ) =1, R t (Xj _ x ) =1, R t U 




" j + 1 
(5) 



) =1, 



R 



1 3 



mil#2 0 0 1 -3 0 
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[0 0 4 5] 

&z>m£T*ypm£&^£^t>&?iz?z> 0 ^(Dwmitm^mm.Aiz mnw 

[0 0 4 6] 

Af*§?PD, SMAtJMPD, P D & if, i:'©i^^PD^f)tiiFi: 

[0 0 4 7] 

m-&-7 4 ft* *w,f=.&£.. PDs\ybzm<f~&>a>mmtfPD<Dm ; mizj:^Tg i 

mmzm<&oizikffi*:TizLTPDitmmL, tern® ^^mr^yt^-RytmM 
mmr-fcttzitTmffifrbPDizmA-tz. ±vfiAMmpv(Dm&tetemm£ p 
Domiz. %^m.mm^^>. ^Mmm^m<^oizm:^a^±izLXPD^m 
m u mmm& ^mr^yt^-K^em^mmx^m^^x±m^ <b p d izmx-tz 

zmiTfcmmfoz&t-yttimmLTPD&^mfrbAz&oiz-tz. *<Dm<& 

[0 0 4 8] 
[0 0 4 9] 
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[0 0 5 0] 

Or 1 * 

[0 0 5 1 ] 

n&2] 



n 0 + n r 

[0 0 5 2] 

cianjlStfiRiJA? (n 0 ) i:^©«#7?©iElifs|SR 0 
a* 

[0 0 5 3] 

C»3] 



[0 0 5 4] 

$ £lC/h£V>ffi£fc.5. fefc*.tfn 0 = l. 4 6, n r = l. 5hf<5h, R Q 
r =-0. 0 13, R 0 a = 0 ' 186tf ^» Z.tUDHmtVxttrtV-'Z&Z 




(6) 




w 0 -1 
n 0 +1 



(7) 
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[0 0 5 5] 

E%7TJ ^#e>a£$C(f» iZftZmV lH-ttN A (numerical aperture) 
[0 0 5 6] 

N A (Sft*) = sin0={n o 2 -n d 2 } 1/2 (8) 
[0 0 5 7] 

ffib fctfVfiZe' tit, 

[0 0 5 8] 

NA (ftfgg*) = sine' = {n 0 2 -n d 2 } 1/2 /n r (9 

) 

[0 0 5 9] 

g& ^ m yt'ftmm ic m s £ ^ tc ^ - a # je # p> & v % ^ ^ e> r ^ t*& s . 

[0 0 6 0] 
[0 0 6 1] 

NA («*7-f;i/*) = sin8' * = {n 0 2 -n d 2 } 1/2 /n f 
(1 0) 

%-?r4rt. ytmrnrnz. ffi.M7jji**$gM2-&z>tiNAtfi/n f \zffi'p 
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[0 0 6 2] 
[0 0 6 3] 

<J> (£50 = sin -1 (n o sin©)-0 (11) 
[0 0 6 4] 

[0 0 6 5] 

4> (^-ftUfflg) = sin _1 (n 0 sin©/n r )-© ( 
1 2) 

[0 0 6 6] 

#I;U£@=8° , n Q =l. 46, n r = l. 50i:f§i:> <I> (M^ 
tt^flg) =-0. 2° £te£ 0 Q%<DW)&teri r = 1. 0£&£frtb<D (£50 
= 3. 7° m^k7J )V*tf8° T'MV^rv^e«^ M*:7^;i/#fre>£ 

5C4UC 3. 7° %MM£©#l*Hci&#£,, LfrbMI:7^ £3t 

[0 0 6 7] 

ii*2 0(D±tCtt^|6KC3 1 fc^^2 1 £Vm2 2#§££*lT^3„ V^2 
2&M^®7b^#^lC^ttT#t>\ mhm\M2 lte*^e>#MHCfrtfT# 
1>*T^£ 0 ^i s tlt;*^ffi|g±tCfeS^jift 1 T'^2 9 fC^oT^i^JlTV^ 
„ V$| 2 2 \Z\%%-?y4 A* 2 3 #3fA@5££;ft£o VM 2 2 <Dfcth\Z% V 7 4 A 
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[0 0 6 8] 

2 0©±CttPDHg<Dfc«)©ti;^-> (^^7>fX) #M£*lT 
1?2 4 ?:SiiS2 0<DA#->lCg£5iLT^£ o Z©£&3*?- 2 4 1«®A 

2 7, 2 8t'SS 0 !M^©tt5 7-ii:Ut©I^®2 6tS5. 
2 6<DT<>_t{CPD 2 4 ©j£lf#&iaf 
[0 0 6 9] 

8t«2 9ttVj&2 2tMtM2 l<Z>ra&C£>oT, fftfc ttxT£#l«JlCg££: 
tlfeflfCfeS. ^tl&ft^T-f A2 3 <Dmt$sm<Z>i£< IC S i2£«(ZHE$4iB&7£j£ 

£M^®cz>M££f©te4^~ l 2^i:^^ 0 ft? t4 AOT<Df&#{ci3v>T?&:R 
;i/*H£®3 0[C^7^H 3 2 £^*@5£T£o t^7-f;v^fel^ 
©T?«^T^5. J >l # teCI(Z>M#4£rT* A&f L fe^lC^f IT @^ 

#3 2, )t77^A'2 3©»jg3P&^7T>f AJCa£fiaLfcJB«f^8S:t)^)383tffi« 
Sb3 4 ~VW.Oo 3*i«^#®T*©JS^#£/Jn3< L£l*&J¥3*&i:v^8Bir# 

mmMmtf&Zo -entente 7 4 turn? s ^^mmm^n^&^o 

[0 0 7 0] 

3(£>cJ:e>&S«£y- K7 V-L> JC@3»LT, y-K£&«© 
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[0 0 7 1] 

A (®^b^v>) fc)tn^7^i:j:oT^Lti^ 0 7 -f A^£>ft7 

[0 0 7 2] 

*&:R7>f 3 z\x%7tj A2 3 jcajifLTfiy, &ffi#j£#e>fcv*t&jcafc 

S7^;H3 2$:1T, B x , B 2 . B 3 <DJ;^^^lC^y, a8t?IH»HS3 4£ 
iliS L/TMI^Sffi 2 6T*£I*£*K »^»^i?2 4 JCA»;&3fe»2 5 ICM 

[0 0 7 3] 

^tC»3e**SS:5*^S„ OmmCD (10 0*) I&ttSSimi 

BO^^fcfglgt-^SlS&lc, 1 Am©S i O 2 mmtM*:Mtt& 0 £ 
6 = 

[0 0 7 4] 

#ClC**-f i/>ytC <fcoTfll?»2 9 &i£PJMl7-f ;t/#®5£®3 0 S:^tS 0 
3mmXl. 5mmOf«y7 (Silt) ^.(Dm^ V ^^(DWk^M 
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[0 0 7 5] 

r ^-CJg^feS^JlS^MU 5 0 0(ttmX 5 0 0 fimX 3 0 0/j mCD^SAftM 
InGaAs7*h^t-K (PD) T'fe5 0 1. 3 n m, 1. 55/imf)!6 

[0 0 7 6] 

8kS:7-f 3 2 ttl 0 0 /tim©JS#fcWr<5. «Mft©Tf*Stt 1 mmX 1 mmT* 
[0 0 7 7] 

o 

[0 0 7 8] 

<D J: e>&%(7>#^ gytm* (PD) &i«j^oT^tefim^T'^f££*l 



2 0 
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[0 0 7 9] 
[0 0 8 0] 

«^c^'C<^)ass&flll»Jf^^'^ffi«>T/J^sv^3e«^:•r«i^:38«^?#s. ffisau si 

h«©js*i. o mmics i o 2 mm&. t^t^^xm?*. &ytm*m&* mm 

[0 0 8 1] 

i©«fc^JCUT$^3ftfc}fc§{g#T?tt, *Mfil 5 4 6. 2 nmt0SI 
5:0 d Biltlit, - 2 0 d B-«gtS«fiii5 ttil§ 3 n mt»o fe. itltt 

&5„ ZL©MT*li#-M^##©^r^A^3. 2nmi:Lt^6^e), -2 
0 d BMS§ift^NI8 #3 nmT'fetltf (8<A) ft^lft? h-*ttfcV^ 

[0 0 8 2] 

- 2 0 d BM^M*£if@S hVO<0tt, (fM>«*©:£:&T?*i&»*r©A?- 

«fc*;-2 0dB (&mtt: i/i o) zWL&omzMm-rzo %i,%m& 

8 = 3 nmtt^i:, 1544. 7 nmtl 5 4 7. 7 nmt*-20 
d B£tfM4>-T5i:^e>r £-e&£ 0 
[0 0 8 3] 

C^Jfiffl(2 (MM;il7^l/^,«tf;B5 > 0 6) ] 
, S i i«±lC S i O 2 ^ffi^iJ& I, * <Dm$&m\ZWL-&7 ■< 



2 1 



2001-3072603 



#2001-175093 

[0 0 8 4] 

¥t«;^Ms i«®2 o©ffi^«ii»±Ttfia»^e>3ta&3ESi*2 1 &g?o 

T&£ 0 3feBI2E«» 2 1 te«*43SBr 2 6 , «2 7, 2 8J:y^5 0 £IPPS:_t 
^££«)IC:£, A 1 &£?£^LT&£ 0 MIHi2 1©IM2 6©t< 1 
±JCg«*-?- (PD) 2 4#»»Jf5fttT&*. i*l%MA»S©PDT»*. 

[0 0 8 5] 

S i3S«(Bt&;#K:ttfe#&#< 3 5^j*UT*«. 3*U*S 
i0 2 ) HT3 7£, S i O 2 <fc yasS*-A-^7V KM 3 8 &£«©_hK:flt 

112 9 ^0©ttx>yf>n't)^ S/S/^TffcJ:^. ii2 9(j:Ml 

[0 0 8 6] 

SglCSBytftt-S JUKI'S. 3 5 0>j&3M, »*7^*3 2, 

&?£2K f^(PD) 2 4l£^ft'f4f|fH!3 4&C£oT3ge> 0 SilS&U 

o 

[0 0 8 7] 

THW*«w«««[y m^ti^sii^TSit^tis. M«^>r;b^3 2#^ 
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&<Dft*B x * B 2 , B 3 li^SSIil 2 1 (Z)M«ffi 2 6 t'SIf ^ tl P D 2 4 
[0 0 8 8] 

Z(Dytm$.&3 5lifx.il S imWLO>±\Z l 0 nmW-frnTyf-V^V K 
1 (WA«Si 0 2 ) 3 6&«tf, -£(Z)_hlC 6 # m^©37 (ix«G e - S i 
0 2 ) 3 7 fctt^tC^ffcU £ £ICJ?£ 1 0 KJg (M/t 

tfSi0 2 ) 3 8 tCi:oT^o^ : fo©T^<5 0 £#:tf>^<fr& 2 0 /* mf* *J 
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